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General Structure of Heterobifunctional Linkers 




(R)k 



where k= 1-100 



i 




R= Alkyl, cycloalkyL, cycloalkyl-alkyl, aromatic, 
alkyl-aromatic, stillbene, heterocyclic, alkyl-heterocyclic, 
CH 2 CH 2 -0, aJky]-CH 2 CH 2 -0-alkyl, CH2-CH=CH- 3 
CH^NHCO, alkyl-NHCO-alkyl, CH 2 CH 2 -S-, CH 2 CH 2 -NH-, 
Long Chain Alkyl Amino, etc. 

X = NH^ succiniraidyl, maleimidyl, iodoacetamido, bromoacetamido, 
thiol, 



Y = Biotin . . 

= Biotin/Avidin 
= Biotin/Streptavidin (SA) 
= Alkaline Phosphatase (AP) 
= Casein 

= beta-Lactamaze 

-BSA 

= IgG 

=Avidin-AP 

= Streptavidin-AP 

- Biotin or Streptavidin complexed with : 
Glycoproteins, enzymes, antibodies, DNA, RNA, peptides , derivatized particles 
made of polystyrene, nylon, gold, polyacrylamide, and other solid surfaces such as 
microti tre plates, glass ( silicon) plates, and any other polymer comprised of active 
functions, for example, -OH, -NH2, -SH, succnimidym, maleimido groups. 



Figure 1. General chemical structure and compositions of the heterobifunctional 
linkers of the Present Invention 
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Figure 2. Classification of Kinases and Phosphatases by Target Structure 
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Figure 2a . a) representative wate r insoluble target and sites of specific actions of lipid kinases. 
Phosphatidyl Inositol and the Site specific actions of two lipid kinases 
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OP0 3 



STARBRIGHT GREEN - PHOSPHATIDYLmOSITOL- 4,5- BISPHOSPHATE 

[ STARBRIGHT GREEN - PtdIns(4,5)P2 ] 




2.b. Water soluble lipid kinase target substrates: above, an example of the water soluble, 
"starBright-labeled derivatives of phosphatidyl inositol and its phosphorylated products. 
Alternative target substrates may be the single fatty acyl chain 1-StarBright Green -myo - 
inositol -1 phosphate lithium salts shown below and described in the text. 
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Arg - Phe - Ala - Arg - Lys - Gly - Ser - Leu - Arg - Gin - Lys - Asn - Val - COOH 



OH 



Arg - Phe - Ala - Arg - Lys - Gly - Ser - Leu - Arg -.Gin —Lys - Asn - Val.- COOH 



I O 

o 



Figure 2. c. Peptide Target Substrate Phosphorylation - 

The pseudosubstrate of Protein Kinase C-alpha and the site specific 
Phosphorylation of Serine by the PKC isozyme, PKC-theta 



HO - CCA - ATC - TCA - TCT - TGT - TTT - CTG - CG - SPACER^ StarBright Green 



^S^05right Green^) 



ATP, T4 nucleotide kinase, Ph 7.4 



O 

D 

HO-P -O - CCA - ATC - TCA - TCT - TGT - TTT - CTG - CG - SPA 



CE^StarBright Greet^ 



Figure 2.d. 



Oligonucleotide Target Substrate Phosphorylation - 

The beta-actin target of T4 nucleotide kinase and the terminal phosphorylation 
of the oligonucleotide by the kinase 
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a) Single Step Homogeneous Assay using the rapid reaction method of the Present Invention 



KINASE REACTION MIX 



ADD 




NUCLEATION 


CENTER 




REACTION 




MIX ' 








n 



Single Step 



J 



Measure Fluorescence Polarization 



b) the tf Nucleation Effect " in which multiple heterobifunctional linkers are attached to High 

Molecular weight core molecules such as avidin or another polymer to create a 
multi- valent reaction center that serves to enhance reaction rates, 



or 



where the square at the center represents the high molecular weight core that is conjugated to 
multiple copies ( n > 2 ) of the heterobifunctional linkers ( arrow heads ) shown in Figure 1 . 



Figure 3. 



Schematic diagram (a) of the single step homogeneous assay method based 
upon the " nucleation effect 11 of the present invention and an idealized diagram 
(b) illustrating the nucleation effect itself; 
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a) Multi- Step Heterogeneous Assay of the Present Invention 



CELL LYSATES IN TARGET 
. PLATE 



J 



Incubate 



WASH 3 TIMES with WASH / 
REACTION BUFFER 



ADD NUCLEATION CENTER 

REACTION MIX 



[O] 



Incubate 



WASH 3 TIMES with ENZYME 
PROCESSING BUFFER 



i 



Add flnorogenic substrate, 
Incubate 



Measure Fluorescence Intensity 



b) 



-KYK -Threonin e-LRQIR 
O I O" 

o 
a-0 



Microwell 
plate 




Alkaline 
Phosphatase 



StarBright Green 



StarBright 
Green-P04 



Figure 4. 



Schematic diagram (a) and mechanism (b) of the heterogeneous assay method 
based upon the nucleation effect of the present invention 
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Phosphoramidate Chemistry For Developing Fluorescence Polarization Based 
Protein Kinase Assays 

Schematic Representation of Steps Involved: 

NH2 NH2 
Arg.PheAla.Arg.Lys.Gly.Ser.Leu^rg.Gln.Lys.Asn.VAl-OH 



PKC-substrate 
MW: 1560 . OH 



F = StarBright Green Fluorophore 
F-ITC = StarBright Blue Ruprophore 

°* c = StarBright Orange Fluorophore 

fF-NHS = StarBright Red Fluorophore 

- Flurescein C £\vj>r0*as;*\} 
« Texas Red, etc 



NH2 NH2 
F- Arg.Phe.Ala.ArgXys.Gly.Ser.I^uj\rg.Gln.Lys.Asn.VAl-OH 



MW:2033 OR 



R = CH 3 

R-CO-ONHS = CH 2 C H 3 

= Phenyl 

~ Substituted Aromatic ring 
or polyaromatic ring 



NH-CO-R NH-CO-R 
F- Arg.Phe.Ala.Arg.Lys.Gly.Ser.Leu.Arg.Gln.Lys.Asn.VAl-OH 



MW:21I7 OH 

EDC, NHS-SO3" ,NH 2 -(CH 2 )n-CH 3 n=l-9 



NH-CO-R NH-CO-R 
F- Arg.Phe.Ala.Afg.Lys.Gly.SerXeu.Arg.GlnXys.Asn.VAl-CO-NH-R 



MW: 2283 

OH 



Figure 5. Novel protocols for blocking potentially reactive -NH2 and -COOH groups on peptide 
targets of the present invention 
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NH-CO-R NH-CO-R 
F- Aig.Phe^a,ArgXys.Gly.SerXeuAig.GlnXys,Asn.V^ 

OH 4 



PKC-alfe, ATP, Phosphatidyl Serines, pH7.4, 
32oC, 2Hrs 



NH-CO-R NH-CO-R 
F- ArgJheAla.ArgXys.Gly.SerXeujy^.GlnXysA 

MW:2283 J[ 

? 5 
HO-P = 0 

!>„ 

X- (CH2)k-Y, EDC, N-Me-Imidazole 



NH-CO-R IpI-CO-R 
F- AigJPhe.Ala^gXys.Gly.SerXeu.Arg.G^^ 

MW:2283. J. 

I 6 

HO - P - O 

I 

NH-(CH2)k-Y 

Where k= 1-15 

and Y = biotin, biotin-avidin complex, biotin-streptavidin complex, avidin- 
alkaline phosphatase (AP) conjugate, or unconjugated AP, b-Lactamaze, Casein, 
or any other large molecular weight, including but not limited to antibodies, and 
derivatized particles. 



Sri^LS?^? ? th V H T Dt iDVention for fora * tion of phosphor-anudates 
used in the detection of phosphoryl groups using the Nucleation Centers and rapid as>av 
methods and phosphoramidate Chemistry I of the present invention P * 
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Figure 9. Fluorescence Polarization analysis of the stoichiometry of Nucleation Center Binding. 

The phosphoramidated PKC peptide target shown in Figure 7 after the addition of 
varying amounts of multiplexed Nucleation Centers using the linkers of Chemistry I. 
The two samples differed in that the negative controls were performed in the presence of 
5mMolar EDTA which destroys the activity of the kinase. 
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Figure 10. 



Chemical structure of the ATP structural analog , y-Amino ATP (y~NH 2 -ATP) 
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Synthesis of y-Amino-ATP 
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^1 CI 

Figure 11. Protocol and chemistry of the present invention for the synthesis of v-MH,-Atp 
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" Scheme for uielsyn^esirdf ' gaiMiai'Amino-ATP continues- 
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Figure 1 1 : continuation (page 2) 
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aBz 

■t 

-O 1^ — O-TBDMS 

| O— CO-CH 2 CH 2 -CONH-LC- 

° 17 



i. IMG, RT, 4 Hours 

ii. NH4OH, 60°C, 8 hours 
Concentrate to dryness under vacuum 

iv. TBAF, RT, 16 hours 



O 
II 



"O-P-O— 



I 

NH2 6 
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Figure ] 1: continuation (page 3) 
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Alternative Approach For Monitoring the Activity of Protein Kinases. 



« , NHAc NHAc 

r - AigJPhe.AlaJ^lys.Gly.SerJ^vuAig.Ghi.LysAsn.Val-CONHR 

I 

OH 



O O o 

n n if 

HO P— O — P— O— P-O 
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Protein Kinase, Lipids 




NH 2 



"OH 




NHAC NHAc 
F - ArgPhe.Ala^\rgXys.Gly . SerXeu.Arg.GlnXys Asn.Val— CON HR 

I 

O 
I 

HO P=0 
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pacer— C-O-N 

° a 



F - ArgJ»he.Ala.Aig.Lys.Gly.Ser.LevLAig.GlnXys.Asn.Val 

I 

0 ? 

HO P=Q 




Spacer--^R 



■^Spacer— C 
O 



NH 

/ 



F - Arg.Phe_AJa.Arg.Lys.Gly.SerXeu.Arg.GlnXys.Asn.Val 

I 

° 19b 
FP HO P=0 

nh — C-Spacer- — R 
P 



19 a 



I 



Avidin 



f 

FP 



R = Large molecule, e.g. AP, BSA, Polypeptide, modified solid surface, 
beta-Lactamaze, Casein, etc. 



Spacer = 1-500 atoms containing alkyl, aromatics, ethylene glocol and 
CONH linkages,etc. 

F = StarBright Orange, Green, Blue and Red Dyes, Fluorecein, Texas 
Red, Cy5, etc. 

Figure 12. Procedure for phosphoioamidation of fluoresceinated PKr^+ * ♦ 

alpha and y-NH 2 -A1T> "oresceinated -PKC peptide target using PKC- 
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ibrothioate Chemistry 

F- ArgJ > heAla.ArgXys.Gly.SerXeiLArg.GlnXysj\siLVal^H 



OH 



gamma-S-ATP, PKC-alfe 
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. Aig Jhe Ala.Argiys.Gly*SerXeu.AiB.GlnXys.Asn.Val-C)H 

20 



OH 



s- 



X 



(R)k 



F- ArgJ 5 heAla~ArgXys.Gly.Ser.Leu_Axg.GlnJLysjVsn.Val-OIl 



O 



OH 



(CH2) k 



21 



where fc= 1-100 
R= Alkyl, alkoxyl, cycloalkanyl, 
aromatic, heterocyclic, 
ethylene glycolic, peptidyl, etc 

Y= Biotin, Biotin- Avidin, 
Biotin-Streptavidin, or Large 
Polymer such as Alkaline 
Phosphatase (AP), Streptavidin 
(S A), Casein, glycoprotein, IgG, 
enzyme, DNA, KNA with or 
without conjugation to Avidin 



X = 




I-CH 2 CONH~ 
Br-CH 2 CONH- 
S 



Figure 13. 
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R = Long Chain alkyl 
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Figure 16. Fluorescence Polarization Analysis of the extent of the reaction of multiplexed 
Nucleation Centers prefomed from avidin and multiple heterobitunctional linkers 
bearing biotin at one terminus and maleimido- (c. . s .U.~) and iodoacetamido- reactive 
groups at the other (purple line). The StarBright Green -PKC peptide target was 
phosphorylated by PKC-theta using y-S-ATP as the donor. 
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igure 18 (a) ; Florescence Polarization of SBO-PKC«Ser-OP02-S-BMCC-LC-Biotiia 
after the addition of Avidin 
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Figure 18 (b) : Fluorescence Polarization of SBO-PKC-Ser-OP02-S-Iod6acetyl- 
Biotin after the addition of Avidine loaoacetyi 
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mi 2 ^h€M^mMnx&n&m Using I^rjPMoleciiIes 
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Figure 1 9: Fluorescence polarization of analysis of phosphorothiolated SBG-PKC 
after the addition of multiplexed Nucleation centers comprised of Alkaline Phosphatase, 
figure (a), and Streptavidine, figure (b), bearing multiple maleimido groups capable of 
reacting with the phosphorothiolated peptide described in figure 13. 
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